Mouse neuroblastoma cells containing intracisternal type A particles were treated with iododeoxyuridine and dexamethasone to induce the release of type C oncornavirus particles. For 5 days after treatment, antigenic markers and DNA polymerase activities specific to particles of each of the two types were assayed in the cells and in pellets obtained by high-speed centrifugation of the culture fluid. There was a marked release of C-particle antigen (p3O) and DNA polymerase activity in extracellular particulate form, reaching a maximum on day 3 after treatment and falling thereafter. In contrast, no extracellular Aparticle antigen was detected, and A-particle-specific DNA polymerase activity in the medium pellets did not increase from the original very low level. Electron microscopy confirmed the presence of free type C virus particles, but not intracisternal type A particles, in the culture fluid. Although intracellular levels of C-particle antigen rose 20-to 30-fold per milligram of cell protein, intracellular A-particle antigen and DNA polymerase activity did not vary more than twofold. The relative rate of A-particle synthesis in the treated cells, as judged by incorporation of radioactive amino acids into the major structural protein (P73), was also unchanged over the period of observation. Thus, the induction of type C virus particle formation in cultured neuroblastoma cells had no detectable effect on the quantity, synthesis rate, or location of intracisternal type A particles.
Intracisternal type A particles are found regularly in mouse oocytes and in early embryos produced by normal fertilization or parthenogenetic activation (2, 3, 5, 6) . Thus, it appears that the genetic information for production of these particles is vertically transmitted in mice. The particles are seen less frequently in later embryos (5) and rarely in adult tissues (23) , but in many mouse tumors A-particle expression is again activated and appears to be a stable property of the transformed cells (9, 13, 20) .
A biological function for intracisternal type A particles has not been defined. They exhibit some morphological properties characteristic of known oncogenic RNA viruses (8) , and A particles from a variety of tissues contain a common structural protein (14) and characteristic DNA polymerase activity (21, 22) . The possibility has been considered that intracisternal type A particles are precursors of known extracellular viruses, such as type C particles, or that they are an alternative form resulting from incomplete or aberrant expression of a viral genome. Expression of type C and A particles is known to vary independently among different cell lines (12) and primary tumors (10, 11) . Furthermore, the main A-particle DNA polymerase and structural proteins are biochemically and immunologically distinct from those of type C particles (14, 21, 22) . These results suggest that there is no direct precursor-product relationship between intracisternal A particles and extracellular type C particles. Also, a study of interspecies hybrid cells producing both types of particles has shown that the persistence of intracisternal A-and C-particles is dependent on retention of different mouse chromosomes (28) .
Preparations of mouse intracisternal A-particles from both myeloma and neuroblastoma cells have been found to contain small amounts of high-molecular-weight RNA (19, 25, 26) and to carry out endogenous RNA-dependent DNA synthesis reactions (19, 25, 27) . A possible relationship between type A particles and type C viral particles has recently been suggested by the work of Robertson et al. (19) , who found significant homology between the RNA associated with intracisternal A-particles (isolated from mouse myelomas) and the RNAs of several murine leukemia and leukemia-sarcoma viruses. On the other hand, Wong-Staal and coworkers (25) Labeling of cells and isolation of A-particle antigen. Cultures were labeled for 4 h with a mixture of four L-3H-or L-'4C-amino acids, and Triton X-100: EDTA-resistant pellets were isolated from the cytoplasmic fraction of the labeled cells as previously described (15) . The pellets were analyzed by electrophoresis in sodium dodecyl sulfate-polyacrylamide gels (15) .
DNA polymerase assays. The assay for C-particle DNA polymerase activity was performed as described previously (16) Because the catalytic properties of the type A particle and type C particle-associated DNA polymerases are different, reaction conditions may be selected for the specific assay of each enzyme (16, 21, 22 higher under the A-particle assay conditions than under the C-particle assay conditions. The preparation of purified type C particles (MuLV) was not active under the A-particle assay conditions, and under the C-particle assay conditions its activity per microgram of protein was about 500-fold higher than the activity of the purified type A particles. No significant inhibition was observed when the two kinds of particles were mixed.
Immunological assays. Murine type C viral antigen was measured by a microtiter complement fixation assay with an antiserum directed against 
RESULTS
Type C particle induction in neuroblastoma N4 cells. From electron microscopy, A-particle antigen assays, and DNA polymerase assays, it was known that the neuroblastoma N4 cells used in the current study contained abundant intracisternal type A particles. To establish that release of type C particles was induced by IdU and dexamethasone in this cell line, the experiment shown in Fig. 1 was performed. Measurement of the amount of type C particle DNA polymerase activity in the culture fluid pellets after treatment of neuroblastoma N4 cells with 40 ,ug of IdU per ml plus 1 uM dexamethasone revealed that the enzyme activity increased 29-fold during the period of 1 to 3 days of culture and then by day 5 had fallen to a level similar to that on day 1 after treatment ( Fig. 1 ).
This induction of C-particle DNA polymerase activity and its dependence on both IdU and dexamethasone were essentially identical to the results of Paran et al. (18) obtained with mouse fibroblast cells.
Some properties of the DNA polymerase activity in the culture fluid pellet fraction isolated after day 3 of treatment were examined in the experiment shown in Table 2 . The properties of the DNA polymerase activity were as expected for C-particle DNA polymerase and were similar to those of the sample of MuLV that served as a reference enzyme; these reaction properties were different from those of the A-particle DNA polymerase, because the A-particle enzyme was relatively inactive with Mn2+ and was not inhibited by either 250 mM KCl or MuLV DNA polymerase antiserum (22) .
Attempts to determine the buoyant density of the structure containing the type C particle DNA polymerase activity were unsuccessful due to extensive loss of enzyme activity during centrifugation. Such extensive loss of activity is unusual, since it had not been observed with the DNA polymerase associated with A-particles or with the various other C-particles tested. Comparison of A-and C-particle markers during induction. As noted above, the reaction properties of the DNA polymerase associated with A-and C-particles are different, and conditions have been selected for the specific assay of each enzyme in samples containing a mixture of the two particles. Intracisternal A-and Cparticles also have distinct antigenic markers; intracisternal A-particles contain a major structural protein of 73,000 daltons (P73), which is localized in the detergent-resistant inner particle shell (14) and carries a specific antigenic determinant not detected in type C particles (14) . Conversely, intracisternal A-particles do not react with antisera against C-particle p30 antigen. This combination of markers was used to evaluate production of both kinds of particles after treatment of cells with IdU plus dexamethasone (Table 3) .
The increase in C-particle DNA polymerase activity in culture fluid pellets after treatment with IdU plus dexamethasone was accompanied by an increase in the amount of p30 antigen in the culture fluid pellets as well as in the cells. The peak in release of C-particles from the cells, as judged by the increase in both markers, occurred on day 3 after treatment. The amount of enzyme activity per unit of antigen was not constant during the induction period, however, showing that enzyme and p30 were not coordinately expressed in the extracellular particles.
The low levels of A-particle DNA polymerase activity found in culture fluid pellets did not increase after treatment, and there was little change in the activity in the cells. No A-particle P73 antigen was detected in culture fluid pellets, and the P73 antigen levels in the cells were unchanged. Thus, there was a dramatic increase in the C-particle markers both in the cell and in the culture fluid, whereas the Aparticle markers remained relatively constant.
Treatment of cultures with IdU alone re- sulted in a much smaller increase in C-particle DNA polymerase activity in culture fluid pellets than did treatment with IdU plus dexamethasone (Fig. 1) . The levels of p30 in these culture fluid pellets were also only slightly increased, but total levels of p30 in cultures (cells and culture fluid pellets) appeared to be increased to almost the same extent as in IdU plus dexamethasone-treated cultures (870 and 1,240 complement-fixing units/mg of cell protein, respectively, compared to 77 units/mg of cell protein in untreated cultures). IdU treatment alone caused a slight increase in A-particle antigen (threefold) and A-particle DNA polymerase activity in the cells, but this increase did not appear to be the result of increased synthesis of A-particles (see below). Treatment of cultures with dexamethasone alone had no effect on C-or A-particle markers in the culture fluid pellets or in the cells.
Comparison of particle markers in optimally induced and control cultures. Examination of A-particle markers after induction of cultures with IdU plus dexamethasone revealed that no major changes had occurred on any of the days after treatment. Also shown in Table 3 is a comparison of the levels of A-and C-particle markers in control cultures and in cultures on day 3 after IdU plus dexamethasone treatment, when C-particle markers had reached their peak. C-particle DNA polymerase activity in the culture fluid pellets was markedly increased, whereas the A-particle DNA polymerase activity was unchanged. The C-particle p30 antigen was increased 34-fold in the cells and 12-fold in the culture fluid pellet after IdU plus dexamethasone treatment of the cultures, whereas the A-particle P73 antigen in the cells had increased only slightly and was not detected in culture fluid pellets before or after treatment. Cell division was inhibited in the treated cultures, accounting for the lower amounts of cell protein compared to the untreated cells. Synthesis of A-particle structural protein. To further investigate the effect of the drug treatment on A-particle metabolism, the relative rate of synthesis of P73 was compared in treated and control cells. Cultures were labeled for 4 h with 3H-or '4C-amino acids, and the cells were then fractionated to yield pellets of Triton X-100:EDTA-resistant cytoplasmic material.
We have previously shown that this fraction contains 95% of the total cellular A-particle antigen and displays P73 as a prominent component when the proteins are subjected to electrophoresis in sodium dodecyl sulfate-containing polyacrylamide gels (15) . In the present experiments, Triton X-100:EDTA-resistant pellets from control cells and from cells cultured for 3 days after IdU plus dexamethasone treatment contained similar proportions (8.1 and 8.3%, respectively) of the total cellular incorporated radioactivity. The electrophoretic patterns of the pellet proteins are shown in Fig.  2 . The radioactivity profiles were essentially identical, and P73 represented about 19% of the protein label in each case. Thus, in both control and treated cells, synthesis of the major Aparticle structural protein accounted for approximately 1.5% (8% x 19%) of the total protein synthesis. Cells labeled on the other days after treatment with IdU plus dexamethasone also were analyzed this way, and no differences in the proportion of P73 synthesized were found. Treatment of cells with IdU alone, or dexamethasone alone, also had no effect on the relative rate of P73 synthesis 3 days after treatment.
Electron microscopic observations. Three days after treatment with IdU plus dexamethasone, neuroblastoma cells still contained large numbers of intracisternal A-particles (Fig. 3a) . In addition, large numbers of type C particles were observed between the cells, both in singular form and in clusters (Fig. 3b) . Immature type C particles (also referred to as enveloped A particles but distinct from intracisternal A-particles) were observed between cells, but budding particles were seen only occasionally (Fig.  3c) . Examination of culture fluid pellets from these cells revealed clusters of C-particles and scattered immature C-particles (Fig. 3d) . Fragments of rough endoplasmic reticulum containing intracistemal A-particles (Fig. 3e) were occasionally observed, and this may have accounted for the low levels of intracisternal Aparticle DNA polymerase activity found in the culture fluid pellets. DISCUSSION
The kinetics of induction of type C particle release from neuroblastoma cells after treatment with IdU plus dexamethasone were identical with those found by Paran et al. (18) for induction of C-particles from mouse fibroblasts. blastoma cells were less stable than those induced from fibroblasts (18) .
Induction of C-particles from neuroblastoma cells had no detectable effect on extracellular A-particle levels. The low levels of A-particle DNA polymerase activity found in culture fluid pellets probably resulted from A-particle-containing fragments of endoplasmic reticulum derived from damaged cells. Such fragments were observed in medium pellets from both treated and control cultures, whereas free A-particles of the intracisternal type were not seen. There was no evidence from antigen assay, enzyme measurements, or electron microscopy that intracisternal type A particles were actively released from cells either before or after treatment. If the failure of these particles to become extracellular under usual growth conditions results from lack of some essential cell or viral component(s), this component was not provided by activation of C-particle production in the cells.
Intracellular levels of A-particle antigen and DNA polymerase activity also showed little or no change during C-particle induction, and the relative rate of synthesis of the main A-particle structural protein was not altered in the treated cells. The twofold increase in A-particle antigen per milligram of cell protein seen in Table 3 The lack of significant increase in A-particle markers after drug treatment might be attributed to the fact that the genetic information for these particles is already fully expressed in the untreated neuroblastoma cells. Billiau et al. (4) have described a fourfold increase in the concentration of A-particles visualized by electron microscopy in transformed mouse fibroblasts exposed to bromodeoxyuridine and dimethyl sulfoxide. However, more marked changes in intracisternal A-particle levels or induction of A-particle expression in previously negative mouse cells have not been demonstrated after treatment with halogenated pyrimidines. Intracisternal A-particles may differ characteristically from type C viruses in the extent to which their expression is augmented or activated by this class of compounds.
In conclusion, the synthesis rate, quantity, and localization of intracisternal A-particle markers remained relatively constant during a time when extracellular C-particles increased markedly and when there were high levels of Cparticle-specific protein in the cells. The possibility remains that intracisternal A-particles are in some way related to an endogenous type C virus that did not respond to IdU-dexamethasone induction in the neuroblastoma cells. Nevertheless, the present results do not support the concept that murine intracisternal type A particles are precursors of extracellular type C virus and are consistent with earlier studies showing independent regulation of type C-and intracisternal type A-particle production in mouse cells (10) (11) (12) 28 ). 
